Purpose The aim of this pilot study was to describe the hydration and nutritional status of a cohort of elderly dialysis patients and to explore the association between these parameters and the quality of life (QoL). Methods All patients over 75 years of age being in chronic dialysis by January 2008 at 3 dialysis units (n = 34) were asked to participate in this pilot study, 24 patients were entered. Hydration status was assessed by bioimpedance spectroscopy (BIS) and nutritional status by the subjective global assessment (SGA), BIS, anthropometric measures and biochemical parameters. Based on these assessments the patients were classified as being cachectic or not according to newly defined criteria. QoL was measured using the SF-36.
Introduction
The elderly is the fastest growing group in dialysis, and for most of these patients the treatment will be lifelong. Maintaining and improving quality of life (QoL) is therefore a major goal. In general, patients with end stage renal disease (ESRD) are reported to have a poorer QoL compared to matched controls, and this is even more pronounced in older dialysis patients [1, 2] . The older patients tend to score particularly low on physical domains, and patients above 75 years of age seem to be most affected [2] .
For patients in maintenance dialysis, poor nutritional status may affect QoL and morbidity and is associated with decreased survival despite adequate dialysis treatment [3, 4] . The reported prevalence of nutritional deficits varies substantially between studies, ranging from 20 to 50 % of the patients [4] [5] [6] . This inconsistency may be explained by a similar wide variation in terminology as well as diagnostic criteria. The International Society of Renal Nutrition and Metabolism ISRNM suggests using the term cachexia for the most severe form of protein and energy mass depletion, whereas the term ''protein-energy wasting'' (PEW) should be used to describe less prominent loss of body proteins and fuel reserves (muscle and fat tissue). Cachexia is widely recognized as a complex metabolic condition that is always associated with underlying illness and inflammation [7] . There is no general consensus as to how cachexia should be defined and identified. However, according to recently proposed definitions changes in body composition, in particular loss of lean tissue (including muscle mass) is important features [5, 6] . Loss of muscle mass is also a phenomenon of aging; these changes may be hidden in the bulk of body weight [8] . Lean tissue mass may be replaced by increased fat mass, and in dialysis patients, muscle loss may also be replaced by water due to overhydration. To maintain an optimal hydration status and determine the patients dry weight is essential, to avoid both overhydration, which increases the cardiovascular mortality, and hypotensive episodes during dialysis sessions [9] . Dry weight may be estimated by ultrasound of the inferior vena cava, radionuclide dilution techniques and echocardiography. These methods are expensive and time-consuming. Most often clinical surrogate parameters are used such as interdialytic weight gain, ultrafiltration rate or blood pressure. Whole body bioimpedance spectroscopy (BIS) can be done bedside and may be used to evaluate nutritional status as well as to determine overhydration. BIS is validated against available gold standard methods with good accordance [10] .
The aim of this pilot study was to test the feasibility of using BIS in daily clinical practice, to describe hydration and nutritional status of a cohort of elderly dialysis patients above 75 years of age and to explore the association between these factors and quality of life.
Patients and methods
Chronic dialysis (hemodialysis, HD and peritoneal dialysis, PD) patients over 75 years of age, living in Trøndelag County and in dialysis in January 2008, were asked to participate in the study.
A total of 34 patients[75 years were registered: 10 were excluded (1 due to language problems, 4 were too ill, 1 was transplanted and 4 due to practical problems) and therefore 24 patients entered the study. The demographic and clinical data that were registered included age, sex, dialysis modality, primary kidney disease, comorbidity, time on dialysis and time of referral to nephrologists. We also registered serum cholesterol, serum albumin and C-reactive protein (CRP).
To assess comorbidity, the Davies comorbidity index was applied. This index is based on seven domains, that is, malignancy, ischemic heart disease, peripheral vascular disease, left ventricle dysfunction, diabetes mellitus, systemic collagen vascular disease and other significant pathology. Whether the patient has an active or present disease on any of these domains is registered. The co-morbidity score for each patient is calculated as the sum of the number of domains affected, giving a theoretical range from 0 to 7. Based on this score, the mortality risk is classified into three grades: low (grade 0, zero score), medium (grade1, score of 1-2 co-morbidities) and high (grade 2, score of C3 co-morbidities) [11, 12] .
Quality of life was measured with a Norwegian validated translation of the Medical Outcomes Study 36 item Short Form health survey (MOS SF-36) [13] [14] [15] . The SF-36 is a self-administered questionnaire that is well documented and validated in chronic dialysis patients of all ages. The questionnaire consists of 36 items, which are summarized into 8 scales: physical function (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social function (SF), role emotional (RE) and mental health (MH). For each scale, the item scores are summarized and transformed to the eight 0-100 scales, (0 = poorest possible health state, 100 = best possible health state) according to the SF 36 normed-based scoring algorithms [16] . We also used 3 questions from European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30 questionnaire regarding appetite and gastrointestinal symptoms. These questions are answered on a four point categorical scale ranging from ''not at all'' to ''very much'' [17] .
Assessment of nutritional status
Body weight and height were measured before dialysis. After the dialysis session, the patient was weighed again to calculate dry weight body mass index (BMI = weight (kg)/height (m)
2 ). The midupper arm circumference (MAC) was measured with the millimeter tap at the midpoint of the non-fistula arm, between the olecranon and acromion. The triceps skinfold (TSF) was measured at the same midpoint using a skinfold calliper. All anthropometry measurements were done by the same person.
The subjective global assessment of nutritional status (SGA) covers medical history (weight loss during the last 6 months, changes in food intake and gastrointestinal symptoms) and physical examination (assessment of subcutaneous fat loss, muscle wasting and oedemas) [18] . For this study, a Norwegian version was used [19] . The patients' SGA scores was evaluated and classified as described by Detsky et al. [18] . Each patient was classified as either A (normally nourished) meaning stable or increased weight, normal body composition and no symptoms related to poor nutrition; B (moderately malnourished) implying weight loss up to 10 % of total body weight without subsequent stabilization or weight increase, reduced energy intake but normal BMI (BMI [ 20 kg/m 2 ); or C (severely malnourished) meaning that the patient had weight loss more than 10 % in 6 months, clear physical signs of impaired nutrition, oedemas and BMI\ 20.
Anorexia may clinically be defined as a reduction or loss of appetite. We used one item from the EORTC QLQ-C30 questionnaire; ''Have you lacked appetite?'' to classify the patients as anorectic or not. Those who answered ''not at all'' were classified as having no anorexia whereas those who answered ''a little'', ''quite a bit'' or ''very much'' were defined as having anorexia.
We used whole body bioimpedance spectroscopy (BIS) to assess body composition in terms of extracellular (ECW), intracellular (ICW) and total body water (TBW) and to estimate lean tissue mass (LTM) and fat tissue mass (FTM). The measurement was made with the patient in a supine position, with electrodes placed on the hand and the foot, using the Body Composition Monitor (BCM) from Fresenius Medical Care, Germany. The BCM measures the impedance spectroscopy at 50 frequencies. The calculation of ECW, TBW and ICW by this method is validated against corresponding reference methods, that is, sodium bromide dilution, deuterium dilution and the total body potassium [20] , respectively. The calculated body composition (fat and fat free mass) has been validated against dual-energy X-ray absorptiometry, DEXA and air displacement plethysmography [21, 22] . The cut off threshold to define overhydration was set to an excess of ECW of [15 %, which is comparable to overhydration of *2.5 L and is associated with higher mortality rates [9] . LTM and FTM were normalized to body surface area to obtain lean tissue index, LTI (LTI = LTM/height 2 ) and fat tissue index (FTI = FTM/height 2 ). The values for LTI and FTI were compared to an age (18-80 years) and gender match reference population [23] . Values below the 10th percentile were regarded as a clinically significant reduction in muscle mass or fat mass.
Hand grip strength (HGS) is a valid method for assessing muscle strength, a marker of muscle mass, and has shown strong correlation with lean body mass [24] [25] [26] . The HGS assessment was done with a single spring handgrip dynamometer, while patient was sitting in an upright and relaxed position. The measurements were repeated three times, and the highest score was recorded [24, 27, 28] . We classified the patients as having ''decreased muscle strength'' when HGS values were below 85 % of the normal age and gender adjusted values [29] .
Serum albumin is a marker of protein metabolism and an indicator of visceral protein stores that is widely used in nutritional studies in dialysis patients and has shown a strong association with survival [30] . C-reactive protein (CRP) is an acute phase protein. A serum concentration of CRP C10 mg/L indicates the presence of inflammation [31] . Low values of total serum cholesterol (\100 mg/dL) are associated with higher mortality, and this is likely due to inflammation/malnutrition [32, 33] .
Analysis and statistical strategies
Based on the data collected for nutritional assessments, we classified our patients as being cachectic or not. According to Evans et al. [6] , cachexia in adults may be diagnosed by the following criteria:
Weight loss of at least 5 % in 12 months or BMI \ 20 kg/m 2 , plus at least 3 of the following criteria: 1) decreased muscle strength, 2) fatigue (defined as physical and/or mental weariness resulting from exertion), 3) anorexia (limited food intake or poor appetite), 4) low fat free mass index (lean tissue depletion) and 5) abnormal biochemistry; increased inflammatory markers CRP ([5.0 mg/L), anemia (Hb \ 12 g/L) or low serum albumin (\3.2 g/dL) [6] . To classify the patients in this study, we used weight loss and/or low BMI, plus at least 3 of the following: 1) decreased muscle strength defined as decreased hand grip strength (HGS), 2) anorexia defined as having anorectic symptoms, 3) low fat free mass defined as low LTI (\10 percentile) and 4) abnormal biochemistry (CRP [ 5 or se-albumin \ 3.2 g/dL).
All statistical analysis was performed using the statistical package SPSS for Windows, version 15. We used descriptive statistics and comparisons of QoL score between groups were done with non-parametric methods; Mann-Whitney U test, p \ 0.01 was considered significant. A difference in SF-36 scores [10 points between groups was considered as clinically significance [34] . The Spearman coefficient of correlation was used to test correlation between bioimpedance measures (LTI, FTI) and hand grip strength (HGS), BMI, serum albumin and anthropometric measures.
Results
A total of 24 patients were included: 21 in HD and 3 in PD, 11 were females and 13 males, and mean age was 81.4 (3. 2) years (Table 1) . Almost all patients (92 %) were well known ([4 months) in the units (Table 1) , and only 2 patients had started in dialysis acutely. Nephrosclerosis was the most common cause of ESRD (46 %) followed by chronic glomerulonephritis (17 %). Only 8 % had diabetic nephropathy.
According to the Davies comorbidity scores, no patient had low mortality risk, 15 (63 %) had medium risk and 9 (37 %) had high risk. Physical capacity as reported on the SGA questionnaire was reduced in most patients; only 2 had normal capacity, with no limitation; 13 subnormal capacity, with some limitation; 7 reported sitting mostly in a chair. None were mostly in bed, and no patient was placed in a nursing home.
There were 7 patients with CRP [5, 10 patients with serum albumin\3.8 g/dL and 3 patients \3.2 g/ dL, there were no patients with serum cholesterol \100 mg/dL (Table 1) , 7 patients were using statins.
Bioimpedance spectroscopy turned out to be easy to use and the whole procedure lasted for only 15 min. All patients who were asked to participate agreed to be measured before the dialysis session started, but refused to wait for a repeated assessment 30 min after the dialysis was completed.
Nutritional status
We found that 41 % reported weight loss and 32 % reported substantial weight loss. The mean BMI among the participating patients was 24.7 kg/m 2 , and a total of 9 patients had a BMI below 24 kg/m 2 , 50 % reported appetite loss and 46 % had a LTI below the 10th percentile.
According to the SGA, only two patients were in the normal category. Five patients could be classified as being severely malnourished (C), whereas the vast majority (68 %) was moderately malnourished (B). Two patients could not be classified due to missing data.
The BIS measures showed a LTI below the 10th percentile of the reference population for a total of 11 patients, among whom only four had a correspondingly low FTI. Decreased muscle strength as measured by HGS and according to predefined criteria was found in 2 men and 8 women. LTI was correlated with HGS (r = 0.50, p \ 0.05), and low LTI (\10th percentile) was strongly correlated with HGS (r = 0.84, p \ 0.01). FTI showed correlation with TSF (r = 0.41, p = 0.05) and a strong correlation with BMI (r = 0.78, p \ 0.01). The BCM showed overhydration (OH) [1.0 L in 17 patients, 8 of these had OH [2.5L.
Cachexia was identified in 6 patients (25 %). Details showing the number of patients meeting the various criteria for the cachexia classifications are shown in Table 2 .
The mean SF-36 scores for our patients on the various subscales are shown in Table 3 .
When we compared the SF-36 scores for cachectic versus non-cachectic patients, we found clinically significant differences for all subscales, but only for PF this difference was statistically significant. We also compared SF-36 scores for overhydrated versus normohydrated patients and found consistently better SF-36 scores for the latter group. These differences were clinically significant for five out of 8 scales (BP, GH, SF, RE and MH), but none were statistically significant (Table 3 ). Comparing patients with high comorbidity risk versus the others, we found better scores in favor of the low-risk patients, with clinically significant differences for PF, RP, VT, GH and RE, no difference was statistically significant (data not shown).
Discussion
In this pilot study, BIS, SGA, anthropometry and selfreported appetite were used to assess nutritional status and overhydration in elderly dialysis patients. Independent of method, we found that a large proportion of the patients could be defined as having risk for nutritional deficits. However, the number of patients at risk varied with the measure that was used for identification. According to the SGA, 91 % were moderately or severely malnourished, 32 % reported substantial weight loss, 37.5 % had a BMI below 24, 50 % reported appetite loss and 46 % had a LTI below the 10th percentile. There was no consistent overlap between the assessments; hence, the results underline the need for a general agreement on how poor nutritional status should be identified in this group of patients.
To identify patients with severe protein and energy mass depletion, we used parameters according to a recently proposed cachexia definition by Evans et al. [6] . Six patients were defined as cachectic, and our results indicate that this approach enables the identification of a group of patients requiring special attention. Comparing the group of patients defined as cachectic with the non-cachectic patients revealed that the former consistently reported poorer on all QoL scales.
As recommended by the ISRNM, it would also have been relevant to identify protein-energy wasting (PEW) which is regarded as a pre-stage of the more serious cachexia. However, the PEW classification requires criteria based on dietary intake. Detailed registrations of protein/energy intake are time-consuming, require assistance of skilled personnel and could not be carried out for practical reason. The procedure might be too extensive for most clinical settings [35] ; hence, we find that using the proposed cachexia definition may be an alternative to ensure that the most seriously affected patients are identified. Subjective global assessment is a recommended and validated method for assessing nutritional status in the adult dialysis population [36] . In our study, the majority of the patients were found to have some degree of malnutrition by this method. This frequency is higher than reported from most studies on nutritional status in dialysis patients [27, 37] and may be explained by the older age of our patients [38] . In general, nutritional problems are more frequent in the elderly, and a higher incidence of appetite loss has formerly been revealed in the older dialysis population compared younger ones [39] .
Malnutrition refers to the presence of inadequate nutrient intake while PEW, and cachexia are reckoned to be influenced by other factors such as inflammatory processes and nutrient losses into dialysate [5] . It is possible that malnutrition as identified by SGA predisposes to PEW and cachexia, but this is not proven. Considering the likely importance of treating malnutrition early, SGA should be used for nutritional assessment in the adult dialysis population in addition to methods to identify PEW or cachexia.
In addition to an association between severe nutritional problems and poor QoL, our results indicate that overhydration and comorbidity may negatively affect QoL, particularly the physical domains. These domains were also those mostly affected in the overall patient sample. Compared to younger Norwegian dialysis patients, scores were lower for PF, RP and VT, but quite similar for mental health and social function [40] . Even poorer SF-36 scores have been reported from other elderly dialysis populations, but the pattern has been similar [1, 2] . Due to the cross-sectional design and the small sample size, our results should be interpreted with caution. Another study limitation is that the BIS assessments were done only before dialysis, based on the patients' preferences. This is adequate for hydration status, but may affect the estimates for measures like LTI and FTI. A smaller study demonstrated that pre-and post-treatment LTI mean may vary 1.12 kg ± 1.7, indicating that our LTI results might be overestimated [41] . Furthermore, the age reference range for the Body Composition Monitor (BCM; Fresenius) is from 18 to 80 years and there are few studies addressing the elderly dialysis population [75 years of age, and the studies have small sample sizes. Thus, reference values for the older population might be connected with some uncertainty.
Bioimpedance spectroscopy was found to be an easy and acceptable method for body composition assessment in this cohort, provided that the patients did not have to spend time repeating the analysis after the dialysis session. The method enabled identification of muscle loss, which is regarded an important feature of both cachexia and PEW and is associated with increased morbidity and mortality [42, 43] . As exemplified by our results, muscular depletion is difficult to reveal by simpler measures. Six out of 11 patients with low LTI had BMI within normal range, whereas four out of nine patients with BMI\24 did not have muscle loss. We also found that very few patients had low FTI (\10th percentile) even if they had low muscular mass, and despite a high frequency of nutritional deficits and cachexia, measures of triceps skinfold were higher in this study than reported from younger populations [8, 28] . These findings further underline the particular importance of assessing body composition to reveal nutritional risks in the elderly where muscle mass tend to be replaced by fat as a part of the aging process. Furthermore, BIS detected overhydration in 17 patients and serious overhydration in 8 patients (33 %), which is a higher frequency than reported from a European multicenters study [10] . The result may suggest that overhydration is also a greater problem among the oldest dialysis patients. As overhydration is associated with increased mortality and, as shown in this study, probably also reduced quality of life, accurate assessment is crucial, giving further arguments to routine use of BIS. In this study, only a small minority of the patients were within normal or optimal range on all parameters used to assess nutritional status. A high proportion had pathological body composition, most of whom had severe muscular depletion, and a quarter of the patients were classified as being cachectic. Our findings call for more attention to nutritional status in elderly dialysis patients, including more thorough assessments and the use of nutritional supplements when indicated. Furthermore, our study demonstrates how the reported frequency of poor nutritional status may vary with assessment method, hence underlining the need for a general agreement on how nutritional status should be assessed, identified and reported. There are very few studies dealing with nutrition and hydration status in this population. More focus is clearly needed as well as bigger studies to confirm our findings.
